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 This paper presents analysis of effects of distributed 
generation (DG) from renewable energy sources on power 
distribution security. This research focuses on power distribution 
systems, especially 22 kV level, which is the Provincial Electricity 
Authority of THAILAND (PEA) standard for electric power feeders. 
Security evaluation is simply defined by using the performance 
index which reflects risk of supply interruption to probably cause 
wide-area blackout. This paper employs the standard 37-node 
4.8 kV IEEE test feeder and the 22 kV SUT feeder for Suranaree 
University of Technology as two test systems. As a result, 
installing DG with optimal reactive power generation can lead an 
electrical power system to operate with high security level. 
























	 	  (


















a``)4 22 kV 223
(ij



































fg*(k (performance index: PI) [5-6] '*(,
fg
4223f``(k4z*g)4z
'*'2- (load flow calculation) )a	*223
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	v(~ * ( 2 	v
4	(4z4223	a	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 (reference bus) 
jg)f `(( (slack bus) 
 
j 1 `( k 	4	




)z `( k *(*fj 2.1 '*fg
0
	-``
'* (nodal analysis) )*g((*('* k f*~ * 
 
k,1 k 1 k,2 k 2 k,n k n G,k D,ky (V - V ) + y (V - V ) + ... + y (V - V ) = I - I       (1) 
 
)*j(f)*g(4223	




G,k D,k k k,i k i
i=1
i¹k
(S - S )* = (V ) * y (V - V )      (2) 
'* 
 G,kS  D,kS  4223	2( a, b c a
,)	
4	
*223'* `( k ,4*` 
kV *223	2( a, b  c  `( k  
k,iy ,
,,u-	2( a, b  c 	, `( k 
 `( i 
iV *223	2( a, b  c  `( i 
 *,4(	
ug (Complex conjugate) 
 
4*fg   




sch,k G,k D,k k k,i k i
i=1
i¹k







= −∑ ∑, , , ,
1 1( )
n n
sch k sch k
k i k k i i
i ik
i k i k
P jQ
y V y V
V

















= Y V + Y V
(V )
   (5) 
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 5 k	v(4fgf4z




g4*fg 	2(	v  0 (4` `(-
( ,g44z* `( 4fg)4 `(
,g4z*  1 `( * (4``` n `( )(*
















u- bus[Y]  fj``, 
)per-unit-system( 
3. 4za,4223)
   sch G DP = P +P  a,
42232 sch G DQ = Q +Q  (4` `('*  
4. `*223f` (h+1)  `( k f*~  ))4

04z`	(- u	* (Gauss-Seidel iterative 
method)  	 ``
0
,2( (Newton-Raphson 





f``2234fr)) ` [8]  
5. 4z*	*223 ∆ V  kg ∆ V  
*	4*g fg`4z
,  4 f 




4223f((,	(g) `( i  `( j '*

)z half-line charging *g*, 
 
ij ij i j
ji ji j i
= y (V - V )
= y (V - V )
I
I
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PlPI = maxl Pl
     (8) 
 







   
   
   
2n 2n
VP ilPI = +maxl iP Vl max
  (9) 
'* 
PI  Performance index 
 lP  4223a((	(g l 
 maxlP  
*(j(*((	(g l 
 iV  * `( i 
 ∆ maxV  a,*4z*g` +
`` '*,
)kj4*'*223 
 n  )4	,o`f*~ 
 )( (9) )	o PI )a,	
*, `(4223f((,	(g *
)n	v*(gkn4223f(




,g``` Pl (j)4fg``(j * PI 













42232fg``` fz DG o		* )n
,g`)4 DG fg	(```	fg 




DG )jfjr{	(* (optimization problem) '*
2r-,k(-fg  PI (	 `` *g g)4*
)42232, DG ,( (10)  
 fz4223)
) DG  ,g4*fg
	)kj4**g,fg	fg MW 




subject to -a Q b
Performance Index
≤ ≤
   (10) 
'* 
 a  
* DG 
























4z4223 ) )4z PI (*g
 )42232 DG 	((* 
(4```*(`fg *g ``*(`,+ IEEE 37 '* 




5.1  !"#$%#& IEEE 37 *& 
 ``*(` 37 '* IEEE fg`*`* 4.8 kV 
4223+ 100 kVA *	v 4 z* 
 





*, DG '* 8 
3 i,
*, DG '* 25 
4 i,
*, DG '* 8  25 
 
 




*, DG un*(`* 30 ` '*(	
,gg







, 2 ) Q  DG f``*(` IEEE 37 '* 
DG , 1 '* 8 (p.u.) 
z 
,4(* 	 (j(* 
1 0 0 0 
2 -0.884 1.350 3.707 
3 0 0 0 
4 -3.009 -1.311 0.743 
DG , 2 '* 25 (p.u.) 
z 
,4(* 	 (j(* 
1 0 0 0 
2 0 0 0 
3 -35.472 -30.233 -23.894 
4 -5.000 0.844 3.230 
 
, 3 PI ``*(` IEEE 37 '* 
Performance index 
z 
,4(* 	 (j(* 
1 2.985 2.985 2.985 
2 2.293 2.297 2.300 
3 2.081 2.084 2.092 
4 2.166 2.195 2.212 
 
 ), 3 	 PI ``*(`	` 2.985 	
,
*, DG 	g '* 8 ` PI *	 2.297 	o*g
``	
n,
* DG )j 3 	o*g
,




*, DG ) '* 8 	v'* 25 
` PI *)z	 2.084 un*,
*, '* 
8 ,), 3 `42232 DG ,g)fg
``,4kn -30.233 )n	(),
* DG '*)j 3 
	o*g,
*, DG '* 25 4fg*'* 1 kn 25 
*n,
* DG  ,'* 25 	v,g*
*	,
*, DG '*,g PI g(* 
*)(4z4223f(( (6-7) )	o PI )
a,` a,*,'* * PI ,4
(*)n	v1*,'*fg,,
 un)j 3 	o*g``)1*,
'*fg(4	( 
 	*,
*, DG '* 8  25 ` PI `` 





	(`4 DG , 4fg(









5.1  #+,-!&./#0&1#+"0#23+#45+67*&*4+8 9&#8 159 *& 
 ``(3
	''( ((.) 159 '*fg
`*`* 22 kV 4223+ 100kVA *






















































































































































*, DG un*(`* 30 ` '*(	
,gg
4	 a*(` 4 z(**g*, 
 





*, DG '* 44 
3 i,
*, DG '* 120 
4 i,
*, DG '* 44  120 
 
, 5 PI ``(3 (. 159 '* 
Performance index 
z 
,4(* 	 (j(* 
1 4,090,000.00 4,090,000.00 4,090,000.00 
2 2,920.000 2,920.000 2,920.000 
3 12,644.000 12,644.000 12,644.000 
4 15,554.000 15,554.000 15,554.000 
 
, 6 ) Q  DG f``(3 (. 159 '* 
DG , 1 '* 44 
z 
,4(* 	 (j(* 
1 0 0 0 
2 1.762 4.483 5.000 
3 0 0 0 
4 -5.000 0.077 5.000 
DG , 2 '* 120 
z 
,4(* 	 (j(* 
1 0 0 0 
2 0 0 0 
3 -5.000 -2.286 2.871 
4 0.976 4.492 5.000 
 
 ), 6 	 PI ``*(`	` 
4,090,000.00 	,





*, DG ) '* 44 	v'* 
120 ` PI *)z	 12,644.000 un*	
,




*, DG '* 8  25 ` PI `` 
*)z	 15,554.000 un)4223
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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